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(57) Abstract: An immersion exposure apparatus comprises a projection optical system (PL) for projecting an image of a pattern 
onto a substrate (W) and a unit (5) for supplying a liquid (7) between an optical device (4) at the end of the projection optical system 
(PL) and the substrate (W). An erosion-resistant film composed of an oxide is formed over the surface of the optical device (4) so as 
to prevent erosion by the liquid (7). Consequently, a desired performance of the projection optical system can be secured for a long 
time even where a block exposure in a step-and-repeat system or a scanning exposure in a step-and-scan system is performed in an 
immersion state. 
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ei 1 14. *skmzmf%w&ii!K&m.(ommttwe*>%o 

El 2 1*. El 1 <D&Blt¥ft P L <DX.mn=F 4 4AtX ^fSjffi©^m ^ X 

El 3 lis El 1 (DBflE^* P L CMfe^*^ 4 CD^fe^gp 4 AiiY 

EI4l4x E11 t-5i/\W fcflDIH^©)***^ ©^teatflaWX©*^?*: 

7Fl-^SP^ElTfei.o 

El 5 14. *«BJ3CDS5 2^^JBIIfe^Tttffl**i5«*»^Siia>tSaJ3fe^ P 
LACDT^SJ. Hfctt^f&gg 5 . »tf»f*:lslJR»il6«^rjEBnaTfeSo 

El 6 14. El 5 <DW&*&?k P L k(D%mm^ 3 2 ©$fci*gp 3 2 A i:XtlRlffla« 

El 7 14. El 5 <T>®& 3 k&% P L ACDK^m^ 3 2 ©5fc«iSP 3 2 AhY 
El 8 14. *»Ma>3^*^®«WWteKia"C** o 

El 914* 3t^fc*^F^5©*'C ! lllJ**tiT^**&©^ A r Fi^^U-V 
(Ml 9 3nm) CfiW5S«*i:X»fti:©B8»«:^UfciaT?fe*o 
El 1 014. £:&tt#:±i;:#JiATOfi£Sftfc^*^1 0 5©%&<ZK ArFi+ 
v^U-lf (9EJI1 9 3nm) l;:fcM:J-£>£t*^hA^£<Blill#£^ L£E1T2d£>o 



4 



WO 2004/053959 



PCT/JP2003/015780 



in. ##SBJ3CD^i?HjM 0 5(DmWm&*7F-fo 0 5I*> £S (CaF 

2 ) 0 1 ±1^ Si0 2 I102, Al 2 0 3 HO 3&tfS i 0 2 J11 0 4^ 

OmmTfeSo SiO 2 I102, Al 2 0 3 JI1 03MSi C 2 ®^ 0 4©3tf 
ftmmi*. Zti&d. l&i^&JIA A=1 9 3 nm) ClttLTO. 3 7 

A. 0. 05AMO. 3 7 A £fc5>«fcd I^J^^TU^o *&&fcM<Z> 

S i OjJI&tfA 1 2 0 3 «tfMS*iT^£l*£5Sf*v -Tfctofcx 

SiftJH 9 3 nmODA r Fi+v?U-^Miltbt, *©K»«a9£Ufcc 
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01 01*. JtWACWttWtiKi**^** 1 "^ 7 ^* 0 111 0 

»5(D*-eirt4*ifc3WM»Bts ±E«*ia-rt(roiHrai*i*s 3 arm 

«|©M«*tf9000ARMST«i:, <«£«fc^ ^ 
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Lfctf. Si 0 2 Ofc^Blff : 0. 5 5 A) . A 1 2 o 3 ^a>^mm^mj& Ltzm-g 
j£J5»te±14il&tt««fc^"5lU&fr&s 5 0A— 2000A*«*U^o 

>4fi§Bj-r%o \,?9)l>R<Drt9->\*s MM (XI±^^/\W«CHr«) ^Hr> 
h'J'y^3&ft»3te^PL4^LTFff^a>ftl&^^ (/3l*0'Jx.l£ 1 /4 , 1/5 
*f) Try* hl/v'X KA^^**ife^^^W±(Dil^«*«l-tt'J^*9***»'*o 
S^Tfel L h UTIix K r F:r*v^ b-if^c (M2 4 8 nm) v F 2 U— tf& 
0**1 5 7 nm) ^>7k£I^>^<Di ft (ift*3 6 5 nm) ^ILTtck^o 
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U^^URttU^JU^-vR S T±II«»*tix U^JUT^-vR STC 

lix^-fSiv y^-irIx [a]^(S]lI^^^;uR^^lb•r5)^g^l^^nTt^i.o u 
-v 9 i±«ae^3R p l o>$mt.mm.mz.w-m£ x YfffiiijfioT^»ts x y x 

^-5>*1 0±l;ill5E£*U XY^f-v1 1 ±UH£11£*l-CU3o Z 

^p L©&iEic:^b-e&aK XY7f-yi oii^xAWox^iRj. s.z>*Y^r$] 

dODth>S^mi3gt5UT^JSim 1 4fr€»£xA;*7 i -$;ffitt*1 5 IHMfflHMR* 1 
&t>*u ZftllS^T^xA^-vlSEIb^l 5(i. Z7f-v9, XYXf- 

J»Ufe31!JBC**KWl3l£<-rs fetors Lfco ^©fcto. D>fc 

< hfcU5 L £;UR©A'£->^£^xAW±(33te¥LTt^F^I3u £XAW©£® 
kft&iti&lh P L (T®) iKDrai3Hr^©ia#7 *»fc UTfc < o 
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* tlT U 2. Z £ \Z* K> s 4 7 *«ttr 3 ct 5 llteE&c* titUSo 

47 _ 1 . 4 4^JSi:WfetiT33'9. ArFiWU-ifJWMI 9 3nml*. 
^i;\W±-CI*1/n. BP^«1 31-13 4 n m»«z8a«<b**vr*l**« 

iS^^^^P L(D3t^fR^4©5tfll^^X^I^I^^C<fc'5I^^BpB*^< ficofe^P 
ttjyX;U2 1 a. M5tW^<*^fe2otD-^;X;i,2 3a : 23b (H2 
#M) «t**itl^. m*JX)\>2 1 a 2 1 *4M/TJMW«M» 5 
Cttlftd tu «X / X;u 2 3 a , 2 3b liEPR* 2 3 ^ LT«WPR«B 6 IZ* 
K**iTH*. II- ±E1»a>*ai^XiU2 1 aXtffcX'X^Sa. 23b 
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iTfeSo H^KlfcUTs $tSgaJ4A(7)+X^(£Dfi"JI3S^aiyX;U2 1 a*\ -X* 
IrHMIHSSA^ ^^2 3 a, 2 3 b tf^ti^tfiJBII^tiTUSo ££v 35tA^X;U2 

3 a, 2 3 bli^gM A 9 XSai^^T^lZl^LTJl^lZ^^^T 
E*S*iTl^o £6!^ 1 tt(D&lh;X)l>2 1 aMIA^X;i-2 3 a, 23b 
^$t^|5 4 A£D4"^I3^LTH§1 8 0° Bfelfc&fts 1 *fr<»di ^ X 
;U2 2 a&tfj&A^X^ 4 a, 2 4 b#§B^£*iTt\?) 0 ^£ii^X;U2 2 altm 
&<£ 2 24^ LT^^^t 5 izmmZti. $LASX)l2 4a, 2 4b (ilsHJX^ 
2 4 L T^lHlilX^M 6 lZ&ffi£ tlT I > £> o 

£tc. IH3I±, H11 CD&i^^P L<D^m^4(D%^4 At. =E(D9tm& 

4 AZY-frfalZ&t; 2tt&m&y X)U%LZf%lAS xjitcDiiLmmm^-to m3\z 
fcl^T. 9cm^4 A(D+Y^mizmmyX)l2 7 a*>V -Y^ftfJjI^A/XJU 
2 9 a, 2 9 b#^;h,^*iJ3S£*iT^3o titthSX)\,2 7 alight 1 2 7&*M, 
T>$f*#^£IS 5 IZU ;2EA ^ XJU 2 9 a , 2 9b tetaUR® 29^ UT;3rt*[sWX£l 
g6l;:^;h^*i&*rc£;h,TO£o St 1 tt(DtitiiiSX)l>2 7 a&lHfcA^ 2 
9 a, 2 9 b£$fcM5 4 A <D*'OI;:*f LTBg 1 8 0° El* L/cfiLSH 1 M&Wlh 
/XJU2 8 a^O*)^A/X;U3 0 a, 3 0 b fr'IBg^tiTUSo &&;X)12 8 a 
li#t*SW 2 8 £^ LT>$#f£*£glS 5 ICU >3tA ;X^30a, 3 0b liEUX^ 3 0 
^LT^iEliR^eil^-ti^tL^^nTU^o 5 feu i^f2 
1, 2 2, 2 7, 2 8(D(i>^<tt--D^Li:^m^4(D9tm^4AtOJLJ\ 
W£V®lz^&mffl$tifc%LftZ1*&L, ^@i|S^S6li|o]HX < i2 3, 2 4, 2 
9, 3 0(D'J>& < ^t-0$r^LT^3iAW±II#t^^^fe^^[£]itX^-i)o 

ft\Z, fcW7 &mil&l5fe&Xf®MlDfe\Z^i\TtSlB%i-Zo 
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EI2l;:fcl\T> UltT-^-r^En 2 5 A(D^TIpJ (-X#fi)) |;i*xnW£X^X 

i]X$S«6li* E)JR«2 3^«X/XJU2 3 a, 2 3 b4^LT*iAW±fr6» 
f*7fc!§M5rt-*o 3<7)i:*x »f*7li^x;\W±*:^EP2 5B(D^I$J (-X^ffij) 

2^<«T-^^EP2 6ACD^IrJ (+X*I«Q) lH^x/WV&T^y Xffii 

4 (D^SJ 4 A f x/ \ W t ©BBIC»#: 7 u . «#lsWKM 6 liHWX 
12 4^^X^X^2 4 3, 2 4b«:ttfflUT»f*7&®i|X-rSo ffi. 
#7l£<i>XMW±£^EP2 6 B0)^f=I ( + X*Ir1) l3l3iE*lTfc t> v ->i/\Wt** 
m^4h(DF^l3li^7*<^U^?JTr)ll^^tLT^i,o 3CDct5IIs 

^isi^rui.fetos ^xaw^+x^isk xi±-x^[S](7)u-rtL(D^[o]i^iA-r?> 

•&l3«fc. «>x/\Wt^*^4fc(DlH)lw}*f*74S3eLfe«IBT*fcLTte< d 

£fcx *HJfi^JB©B*SlilTflix aH*7ff$xMW_tfcaE*t*fc«K fxAW 
tt§ 0 m#7l4^«*§ilS5^«tOFif^>MllPM^^rtNi>fc4&. 

■>xAWRHi(Dajacrai3WTt)4iT. tt^DMii^^ is «nhi^<fc * •> 3:/ \<dhw«iz 

fiH«*te**>-&»*»>®fiT*l»«-ai*<"C*So flEtjT. EGA (x>/\> 
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IflsMXfcfT^o fiPt>. E|3IZfcl\TlH*T?^^6P3 1 ACD^Ip] (-Y^rSl) iZt 
iAfcX^«y:7»tt**3l*K:l4* »f*«JSSil5l±«te*2 7 s ^iUy x;u2 7 
a^LtiH^U »f*lsJiR««6tt|5JJ|x*2 9SU { ^X^XJU2 9 a, 2 
9 b&ttfflLT»f*(DlHliR4fT3&-5o dftd^CU »*l43t^«?- 4 ©SfcSasgP 4 A 
(D1fcT<Z)II3teflUtf±.&$eep 3 1 BOD^fS] (-Y^IrI) tSttiSo £xAfc 2 

j£MliT35Sr*EP3 3 AOD^tnJ ( + Y^IrJ) \Z*tv •7HnkH J ik*mz\±. 
2 8. m&SZ)l,2 8 a. IsliR^ 3 0 StfSiEA ^ XJU 3 0 a, 3 0 b*ttfflLT» 

4^3 3B"cD*fil (+Y^IrJ) UlflMifco ckoT. ^XAWfcX^lSllwtMirr* 
Jfc&fcl^HWHs ^xAW^ + Y^FrK Xtt-Y^IqKDt^^WD^lRH^tt-r**^ 

ff!lx.K^tt><Z)*-|Rj^e>»f*:7 CO^teStflHliRfeff -5 fctf>©y X;U&RI*TfcJ:Uo 

^7(Z)^*&^tfSlRa©$iJ^}il3:c>lNTlftBfl-rSo 1H4I4. 
L©^^4 fc^xAWh©rSB^<D»#©«t§»If®iRa)«^-*^-9-o El 
4IIfcl>T. *iAWte$5EP2 5 A<Z>#fcJ (-X^fa) l:»tlT6 0x Sftii^X 
;U 2 1 act0«t&*tifc»#7li. ^EP2 5 B©^(S] (-X^JrJ) IHSWu 3£A^ 
XJU2 3 a, 2 3 bind; 0 HMX^ftSo 3t¥3R^4 h *t>3L/\\N £<D?i\\Z&&.-fZ%i 

Vi (mVs) hls]iR*Vo (m 3 /s) h&^U<U £tz, %iW7 G>m&m 
Vis StflsWXMV o£X Y7f-v1 0 (£:eaW) (Df^lbit^vl3J:b0!|-r2)«t 
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Vi=Vo = D- v- d — (3) 

ZZH. ®MZ7jkT£o\Z, Dtt**«? 4 (m) , vl*XY* 
OOMtiUE Cm/s) . dtta«3te^PL(Df«fcffiIt • 
T r -cX^>7.v 3^JR^4©*TIBfc£x/\WSSli£:a>ffi1i) (m) T&3o XY 
7^-v1 0**^*^IW-*fc*a>3MEvl4s 3=ft»J»*1 4l;i«fc')K£«**i?>o 
DatfdliW^ttlWM 4IZLA2) (IBIS) ^tituifcto, (3) jSI^S 
c5txT*#7 0)flttMtVi . XtfEMR*Vo«W«£fcfc*^ 

11151*. *gO^«(Di«B3t»«©aiB^*PLAa)™. SM«MM»5. 
©«T«a)3te»»3 21*. «W3 2 A*«3««*t*»«:«l»«lt*»UTY 
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W#+X#|R| (XI4-X*|qj) I3g£j8 ■ V T&iTfSo L-Tx 

v MI^©&«<Jl#frfctil>o 
^It^JfclUZlfcUTfcx »«SflDaffll3«koTs jfeM^li^W? 3 2t* 

6lz:fcl>T\ ^*-?3 2(Z)W3 2 AO)3^KI±Y*Iq|l3*ffl«t^>S^lZ«coT*J 
0s ^3fe^PL A<Dltmm*3 2(D9e&&3 2 A% X^fS]l3:«5t?«t -5 
IrHWJI 1 3 ffiO©l*ai ^ 2 1 a ~ 2 1 c *<E«* tlx - X ^IrHBJI:: 2 fflflOSSA ^ X 
)U2 3a, 2 3 b^lBM^tlTUSo 

^UTs tilths X)\, 2 1 a- 2 1 c little 2 1 *^LT*fW»&««5(3i«i 
£tu 5StA/XJU2 3 a, 2 3 bliIHi|XS2 3 LT»f*EHRM 6 djg^ti 
TUio m&JX)\,2 1 a — 2 1 ciii&A/X;U2 3 a, 2 3 bh£5t*iffigP 

3 2 A©4"C>I3WLTBS1 8 0° EteLfctiiitlilx J#tfc/XJU2 2 a~2 2 ctifiS 
A/X/U2 4 a, 2 4 b h^iBfiLTUSo %\&JX)V2 1 a— 2 1 cfcSSSA^X 
;U2 4 a, 2 4 b hl±Y^lZ^S(3lB^J^tl. / XJU 2 2 a~ 2 2 c h)3tA 
/XJU2 3 a, 2 3 bfcl*Y55"lRll^SiS?y*tiTlxSo ^itS^XJU2 2 a~2 
2 c li&ISW 2 2 LTi*#e8&S!« 5 CttMd tt N j£A ^ X;U 2 4 a , 2 4b 
I4HJJR* 2 4 LT»f*:iH|iRSI« 6 tlT U 5 0 

#4fT-5*&l;:l*x ttl&«2 U m&SZ)l>2 1 a~2 1 c, [hWXW 2 3 . &tf3£ 
A/ XJU 2 3 a , 23b LT*»e«&«« 5 StfifcttlsliRgg 6 13 J: oil 
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&7 <Dm&2LVi2Wl*ftl>K ftmm*3 2f52UVN£<Dft&mtt&5lZ-Xl5 

K>£ -BrT^M^fefTa ft^lZli. m&B 2 2 v ^ttl J X)l 2 2 a ~- 2 2 c x IsJiR 
S24, M)lSX/X;i2 4a, 2 4 b LT^7 ©flttSXtflalilXfefTlK 
2£O^J\\N£(Dr$t:MtzT&5{Z+X1jfalZfete7t:5&To &M1ofa 
lZJ&tTffi*7 & fattfa&V)*)i&z.2>z\iilZJ: K>. +X^fnj. Xli-X^|Sj(Z)U 
-T^0D^-fn]l^'i?^AW^^S-ri.m^l3t. 3t^^3 2CD$fe^gg|J3 2 A£OJLJ\ 
W£<Dr&i&?&i*7\Z£'Qffitzi-Z£t)<T~£2> 0 Zti\Z£V. lKl*mtLK8.Vfc^M 

£fcs »#7©ttttiVi (m 3 /s) &tf[s)i|xmv o (m 3 /s) (i x UTcD 
Vi=Vo = DSY • v • d — (4) 

3 D S Yltft^m^ 3 2©$tS»«J3 2 A<DXl5fa(D^ (m) Trfe^o d 

ttlwcboT. ^2^7t4"lz:*JUT^^^3 2 LtJL/WN £(DNHzmfe7 

>'X;KD»^ttl±«l*I^IR5t**lS , fcfl!>T«c<s 0!lx.tf$fc*lSgB 3 2 A©S 
Sl3O^T2W(7)/X;UT^7(Z)#^$&X[ilHll|X^fT'5«fc-5l3UT i fe«tL\ 0 fcfc. 
dCDlt^l^lis + Xa"l*U Xli-X^f^©U^"ti(D^^t> i fe^7(Df*^y f [Hl 

BB 7 [±, P L A G>%*m=? 3 2 ODSci&gP 3 2 A h Y Ufamtimiti J X 
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tifzWtH SX)12 7 a. RlftfLX J X)l 2 9 a , 2 9b LTM 7 CDf* 

rS]l3iB?iJ*ti^£±iyX;U2 8 a. 0a, 3 0b^fflLT^ 

KDfe&TklfmWLlk'n^o £fz. ^70D#t^*V i (m Vs ) S^lsHRMV o 
(mVs) li. WTcD^lZ^O^t- ?>o 
Vi=Vo = DSX v d — (5) 

ZdTr, DSXIi3fe^H^3 2(D^g|J3 2 ACDY^fn](D«^ (m) Tfc£ 0 If 
2G)^Ji5fJi:^l3s Y^I^X-^^^Ej^-ari.pil^t^aiAWOD^ibJi^v 

(ffilxK-b^-jfttf) ^n3t^T§5o 
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5 . msMbizm^bMitii 1 * a r f u-+f^Tfe2>ii^n 1 iztzmcox^m 

6 . !KrSB?a#*«tt*TfeS»*lH 1 l3lB«tCD7 1 c^m^o 

«riB3t^3R^^s Ki«*:o!)awtfei»±rftfc«>izttan*a> / J>ft< 
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8 . H&EEW**te«f± x Sfb4fettT& 51^11 7 l;:iEttCDB&SS« 0 

1 0 . flflEHMM&Ktf. BMb^r-f JRjBEfttfHHbT^US: - AJJt<z>'J>fc < fcfc— £ 

1 2 . IWSB3ttfliU6*i«**« % A r F U— »f3te-CM»JJ&K 1 1 KGtt©* 
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